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(54) Title: PROLONGED RELEASE MICROSPHERE ENCAPSULATING LUTEINIZING HORMONE-RELEASING HORMONE 
ANALOGUES AND METHOD FOR PREPARING THE SAME 

(57) Abstract 

There is disclosed a prolonged release microsphere which can constantly release medicinal drugs, such as luteinizing hormone-releasing 
hormone analogues and encapsulate them at high content rates. It is prepared by dissolving a copolymer of lactide and gycolide in methylene 
chloride, dissolving a luteinizing hormone-releasing hormone analogue and a release-controlling material in a subsidiary solvent, combining 
the above two solutions with each other to produce an emulsion phase, dispersing the emulsion phase in a solution of polyvinyl alcohol in 
distilled water to give a single emulsion system, removing the combined solvent of the emulsion phase to generate a polymeric microsphere; 
freeze-drying the polymeric microsphere. The microsphere prepared has a much finer inner structure, by virtue of which the microsphere 
is secured in a constant release rate. The single emulsion system which simplifies the preparation, allows for the maintenance of a drug 
content of 10 % or more. The charged groups of the release-controlling materials associated with the polymers minimize the excess release 
of the oppositely charged drugs at an initial stage, playing an important role in keeping the release rate constant. 
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PROLONGED RELEASE MICROSPHERE ENCAPSULATING 
LUTEINIZING HORMONE-RELEASING HORMONE ANALOGUES 
AND METHOD FOR PREPARING THE SAME 

Technical Field 

5 The present invention relates to a microsphere encapsulating 

luteinizing hormone-releasing hormone (hereinafter referred to as 
"LHRH") analogues, which is able to constantly release them for a long 
period of time. Also, the present invention is concerned with a method 
for preparing such a prolonged release microsphere. 

10 Background Art 

Physiologically, when testosterone or estrogen is in a low 
concentration level in blood or when hypothalamic-releasing hormone is 
stimulated, gonadotropin-releasing hormone (hereinafter referred to as 
"GnRH") is secreted from the hypothalamus. The GnRH is then 
15 transferred through the hypothalamic-pituitary portal system to the 
pituitary gland at which the GnRH stimulates the synthesis and secretion 
of luteinizing hormone (hereinafter referred to as "LH") and follicle 
stimulating hormone. As a result, testosterone or estrogen is secreted. 
LHRH analogues act on the pituitary gland to inhibit the secretion 
20 of LH, thus resulting in the antagonizing of the liberation of testosterone 
and estrogen into the bloodstream. By taking advantage of this 
antagonistic action, the diseases caused by testosterone and estrogen, such 
as prostatic cancer, breast cancer, endometriosis and the like, have 
recently been therapeutically treated. 

Like general peptide drugs, LHRH is, however, very instable within 
the gastro-intestinal tract and shows a low uptake efficiency therein. 
Therefore, the administration of LHRH has been usually performed via 
injection. The administration via injection also has a significant 
disadvantage of being very poor in bioavailibility so that LHRH is 
required to be injected daily. Such injection administration also requires 
a long cure period, which causes a problem in a patient's adaptation to the 
drug, therapeutic efficiency, and treatment. 

Extensive research has been made on the use of poly(lactide-co- 
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Disclosure of the Invention 

The intensive and thorough research on a prolonged release 
microsphere, repeated by the inventors aiming to release peptide drugs 
continuously for an extended period of time, resulted in the finding that, 
5 when an appropriate combination of two poly(lactide-co-glycolide) 
copolymers, which have an equimolar ratio between their lactide moiety 
and glycolide moiety and have a carboxyl group and a dodecyl group at 
their ends, is used as a carrier for drug, the microsphere is enhanced in 
biodegradation rate as well as in drug content. The negative charge of the 

10 carboxyl group attached to the end of the biodegradable polymer form an 
ion bond with the positive charges that the peptide drugs possess, 
increasing the drug content in the microsphere and preventing the drugs 
from being released excessively at an initial time due to diffusion. The 
dodecyl group plays an important role in controlling the degradation rate 

15 of the microsphere. Consequently, the microspheres in the body release 
LHRH analogues continuously to maintain the concentration of 
testosterone and estrogen in blood for an extended period of time, so as 
to improve the therapeutic efficiency of and the patient's adaptation to the 
drugs. 

20 Therefore, it is an object of the present invention to provide a 

prolonged release microsphere which can control the release of drugs for 
a sustained period of time. 

It is another object of the present invention to provide a prolonged 
release microsphere which is high in the content of therapeutically 
25 effective ingredients. 

It is a further object of the present invention to provide a method 
for preparing such a prolonged release microsphere with ease and a good 
efficiency. 

In accordance with an aspect of the present invention, there is 
30 provided a prolonged released microsphere, which is composed of a 
poly(lactide-co-glycolide) copolymer and encapsulate a luteinizing 
hormone-releasing hormone analogue. 

In accordance with another aspect of the present invention, there is 
provided a method for preparing a prolonged release microsphere, 
35 comprising the steps of: dissolving a copolymer of lactide and glycolide 
in methylene chloride; dissolving a luteinizing hormone-releasing 
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controlled in a double manner by the actions of the functional groups, i.e. 
carboxyl group and dodecyl group, attached to the ends of the two 
polymers which compose the microsphere. The carboxyl group forms a 
hydrophobic ion pair with LHRH analogues, so the release rate thereof is 
5 retarded. The dodecyl group inhibits the enzymatic action to degrade the 
microsphere, so the integrity of the biodegradable microsphere is 
sustained. Therefore, the drug contained in the microsphere is bot 
released in a sudden burst. 

The compound suitable to retard the release rate of LHRH 

10 analogues must form the hydrophobic ion pair with LHRH analogues as 
well as can be dissolved in the organic solvent. Preferable examples to 
meet these standards include sodium oleate, deoxycholic acid, cholic acid, 
fatty acids and phosphatidic acids. 

The biodegradable microsphere of the present invention is aporous 

15 with an ultrafine inner structure, as shown in Figs. 1 and 2. The data 
obtained from an in vitro release test demonstrate that LHRH is released 
at relatively constant rates from the microspheres of the invention, as 
shown in Fig. 3. The microspheres were measured for their weight loss 
in order to obtain the information about their biodegradation rates, which 

20 finally told that the microspheres are completely decomposed on around 
the 45th day after testing, as shown in Fig. 4. The data obtained from an 
in vivo release test, shown in Fig. 5, are well correlated with those of Fig. 
4. 

A better understanding of the present invention may be obtained in 
25 light of the following examples which are set forth to illustrate, but are 
not to be construed to limit the present invention. 

EXAMPLE I : Preparation of Biodegradable Microsphere Containing 
Leuprorelin acetate 

A microsphere was made from biodegradable PLGA in an O/W (oil 
30 in water) mono-emulsification method. 

In 3 ml of methylene chloride was dissolved 350 mg of each of a 
PLGA which has a dodecyl group at its end and a molecular weight of 
12,000 with 50:50 lactide moiety:glycolide moiety, such as that sold by 
Boehringer Ingelheim under the brand name of RH502, and a PLGA 
35 which has a carboxyl group at its end and a molecular weight of 8,600 
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EXAMPLE IV: Preparation of Biodegradable Microsphere Containing 
Leuprorelin Acetate using Homogenizer 

In 5 ml of methylene chloride were dissolved 200 mg of each of 
RG502H and RG502. This methylene chloride solution was sufficiently 
5 mixed with a solution of 50 mg of leuprorelin acetate in 1 ml of N- 
inethyl-2-pyrrolidone. To the saturated solution with the polymer and the 
drug, 250 ml of a solution of 0.5 wt% polyvinyl alcohol in distilled water 
containing 2 g of methylene chloride was added and, then, emulsified by 
using a homogenizer at 700 rpm for 30 min. Thereafter, microspheres 
10 were prepared by following the remaining procedure of Example I. 

EXAMPLE V: Preparation of Biodegradable Microsphere Containing 
Leuprorelin acetate with Sodium Oleate 

In 1 ml of methylene chloride were dissolved 200 mg of each of 
RG502H and RG502. This methylene chloride solution was sufficiently 

15 mixed with a solution of 50 mg of leuprorelin acetate and 3.105 mg of 
sodium oleate in 1 ml of N-methyl-2-pyrrolidone. To the saturated 
solution with the polymer and the drug, 250 ml of a solution of 0.3 wt% 
polyvinyl alcohol in distilled water containing 2 g of methylene chloride 
was added and, then, emulsified by using a homogenizer at 700 rpm for 

20 30 min. Thereafter, microspheres were prepared by following the 
remaining procedure of Example I. 

EXAMPLE VI: Preparation of Biodegradable Microsphere Containing 
Sodium Oleate/Leuprorelin Complex 

17.5 mg of sodium oleate and 50 mg of leuprorelin acetate were 
25 reacted in distilled water to yield precipitates which were, then, collected 
and freeze-dried. They were dissolved in a mixed solution of 0.66 ml of 
N-methyI-2-pyrrolidone and 1.33 ml of methylene chloride which 
contained 200 mg of each of RG502H and RG502. To the saturated 
solution with the polymer and the drug, 250 ml of a solution of 0.3 wt% 
30 polyvinyl alcohol in distilled water containing 2 g of methylene chloride 
was added and, then, emulsified by using a homogenizer at 700 rpm for 
30 min. Thereafter, microspheres were prepared by following the 



WO 00/40259 



PCT/KR99/00071 



-9- 

TEST EXAMPLE III: in vivo Drug Release of Microspheres 

The biodegradable microspheres prepared in Examples were tested 
for in vitro release as follows. The microspheres were introduced into the 
femoral regions of rats via intramuscular injection and the remaining 

5 microspheres were taken from the femoral regions by incising the regions 
every fifth day. The microspheres taken were homogenized in 10 ml of 
a solution of 0.02 wt% Tween 80 (polyoxyethylene 20 oleate, Junsei 
Chemical Co.) in a 0.333 M phosphate buffer (pH 7.0). After further 
addition of 10 ml of the buffer and 10 ml of methylene chloride, the drugs 

0 were extracted in an aqueous layer. These extracts were quantified by 
HPLC under the same condition as that of the in vitro release test and the 
results are shown in Fig. 5. 

Brief Description of the Drawings 

Fig. 1 is an SEM photograph showing the microsphere of the 
5 present invention; 

Fig. 2 is an SEM photograph showing a cross section of the 
microsphere of the present invention. 

Fig. 3 is a plot showing the in vitro release rates of the 
microspheres against time. 
D Fig. 4 is a plot showing the weight loss rates of the microspheres 

against time. 

Fig. 5 is a plot showing the in vivo release rates of the microspheres 
against time. 

Industrial Applicability 

5 As described hereinbefore, the microspheres prepared according to 

the present invention have much finer inner structures than do 
conventional microspheres, by virtue of which the microspheres are 
secure in a constant release rate. The single emulsion system of the 
present invention simplifies the preparation process of the microsphere, 

D enabling it to maintain a drug content of 10% or more. In addition, the 
charged groups of the release-controlling materials associated with the 
polymers minimize the excess release of the oppositely charged drugs at 
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CLAIMS 

1. A prolonged released microsphere, which is composed of a 
poly(lactide-co-glycolide) copolymer and encapsulate a luteinizing 
hormone-releasing hormone analogue. 

2. A prolonged released microsphere as set forth in claim 1, 
wherein the luteinizing hormone-releasing hormone analogue is selected 
from the groups consisting of goserelin acetate, nafarelin acetate, 
buserelin acetate and leuprorelin acetate. 

3. A prolonged released microsphere as set forth in claim 1, 
wherein the copolymer consists of a polylactide and a polyglycolide either 
of which have a dodecyl group and a carboxyl group at their ends. 

4. A method for preparing a prolonged release microsphere, 
comprising the steps of: 

dissolving a copolymer of lactide and glycolide in methylene 
chloride; 

dissolving a luteinizing hormone-releasing hormone analogue and 
a release-controlling material in a subsidiary solvent; 

combining the above two solutions with each other to produce an 
emulsion phase; 

dispersing the emulsion phase in a solution of polyvinyl alcohol in 
distilled water to give a single emulsion system; 

removing the combined solvent of the emulsion phase to generate 
a polymeric microsphere; 

freeze-drying the polymeric microsphere. 

5. A method as set forth in claim 4, wherein the single emulsion 
system comprises 75.0-99.0 wt% of an aqueous phase and 0-3-0.5 wt% 
of polyvinyl alcohol and the emulsion phase comprises 0.50-10.0 wt% of 
methylene chloride and 0.2-10.0 wt% of the subsidiary solvent. 



30 



6. A method as set forth in claim 4 or 5, wherein the subsidiary 
solvent is N-methy 1-2 -pyrrolidine. 
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